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Prediction of Tender Price Index Directional Changes 
 
Abstract: 
A Multivariate Discriminant Analysis is described, aimed at predicting the direction of 
changes in the Hong Kong tender price index by utilising the patterns of change in eight 
leading economic indicators. Two discriminant functions are derived which distinguish 
between  ‘upward’, ‘constant’ and ‘downward’ index trends with a high degree of success.  
The predictive power of the Discriminant Model is tested by means of a simulated ex post 
holdout sample of eight index values.  By comparing the group centroids, seven of the cases 
are correctly classified.  The hit rate of the ‘upward’ and ‘constant’ groups is 100%, while the 
‘downward’ group has a hit rate of 75% suggesting the ‘downward’ trend to be more difficult 
movement to predict.  Despite this, the overall predictive results are considerably better than 
those that would have occurred by chance alone. 
 
Keyword: Tender price index, economic indicators, trend, Multivariate Discriminant 
Analysis, forecasts. 
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INTRODUCTION 
 
The need for prospective construction clients to be informed of their likely financial 
commitment at the conceptual phase gives rise to the need for preliminary, or early-stage, 
cost estimates (Skitmore, 1985).  These are based on the analysis of cost data generated by 
completed buildings with the intention of providing a reasonably accurate prediction of the 
construction price of a new project (Smith, 1995).  Since there is a time difference between 
the commencement of the new project and the preceding cost data, it is necessary for 
adjustments to be made by a price inflator/deflator to reflect the changes in price levels 
(Chau, 1990).  A quarterly tender price index (TPI) is most commonly used for this purpose 
(Ferry and Brandon, 1991).  The accuracy of early-stage estimates, therefore, depends on, 
amongst other factors (such as the level of information available and experience of 
estimators), reliable projections of the TPI for the forthcoming quarters (Fitzgerald and 
Akintoye, 1995).  The degree of accuracy of such forecasts, however, depends on their use 
and form, time horizon and availability of data (O’Donovan, 1983; Bowerman and 
O’Connell, 1987). 
 
Studies in TPI forecasting to date have focused on developing and adopting statistical 
models.  McCaffer et al (1983:76) produced a regression model, which they claimed is 
“likely to produce more accurate predictions of tender price movements” than the subjective 
approach current at that time.  Fellows (1988) adopted correlation and regression techniques 
to identify the relationships between leading indicators and TPI movements.  Runeson (1988) 
and Akintoye and Skitmore (1990, 1993) have developed ordinary least-squares multiple 
regression models.  The Building Cost Information Services (BCIS) also utilises a linear 
regression method to provide TPI forecasts (Akintoye and Skitmore, 1994). 
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Regression models provide accurate predictions of TPI movements when price levels are 
steady, e.g. moving constantly upward or downward.  However, construction prices are 
significantly affected by market conditions and can fluctuate dramatically.  This is evidenced 
by the recent Asian economic crisis, which caused a sudden slump in the construction 
market, and thus tender prices, in many Asian countries.  Taylor and Bowen (1987) and 
Akintoye and Skitmore (1994) have examined the reliability of several forecasting 
techniques, with both studies reflecting the weaknesses of current techniques and models in 
changing economic situations.  McNees and Ries (1983) claim that this is always a problem 
in economic forecasts and may lead to significant errors.  TPI forecasting is clearly no 
exception.  Beeston’s (1987:17) assertion that ‘regression methods have not produced 
satisfactory models’ remains true today. 
 
A starting point for improvement is in the prediction of change direction.  Multvariate 
Discriminant Analysis (MDA), as a method for predicting membership of classes, has some 
potential for this role, especially on the basis of the simple classification of changes as either 
‘upward’, ‘constant’ or ‘downward’.  This paper describes the development and use of a 
Discriminant Model to predict movements in the Hong Kong (HK) TPI.  Eight candidate 
leading economic indicators were used to construct two discriminant functions. One of these 
was then applied to a simulated ex-post hold-out sample.  A high proportion of accurate 
predictions was recorded, suggesting that the method may be of some applicability in TPI 
prediction generally. 
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TENDER PRICE INDICES 
 
A TPI is a quarterly output index representing average building prices during that quarter, ie., 
the agreed price to be paid by client/owners.  It therefore reflects prevailing market 
conditions.  The TPI represents the trend of the weighted average of the unit prices quoted by 
successful tenderers for the basic building components (Chau, 1998).  It covers most of the 
items normally built into the price for producing the completed output of the construction 
activity (Organisation for Economic Co-operation and Development, 1997).  The index 
therefore provides an indication of the level of construction cost to the client (Rowlinson and 
Walker, 1994). 
 
Currently, there are four commonly used TPI series in HK.  These are produced by the Hong 
Kong SAR Government’s Architectural Services Department (ASD), the Hong Kong 
Housing Authority (formerly the Hong Kong Housing Department) (HD), Levett & Bailey 
Chartered Quantity Surveyors (L&B) and Davis Langdon & Seah (HK) Limited (DLS).  The 
L&B series is the longest, commencing in 1968.  This is followed by the ASD series 
(commencing 1969), DLS (commencing 1979) and HD (commencing 1985). The ASD and 
HD series cover public sector construction projects while the L&B and DLS series cover 
private sector projects.  Figure 1 shows the four series in their entirety. 
 
 
Figure 1  Tender price indices in Hong Kong 
 
Despite the different rates of change between the prices of public and private sector projects, 
all the series appear to be cyclical in nature.  Each cycle seems to follow a similar pattern: an 
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upward trend for approximately 6 to 8 years followed by 1 to 2 year(s) downward trend, for 
example, upward period from 1976 to 1982 or 1985 to 1991 and downward trend from 1982 
to 1983 or 1991 to 1992.  Two turning points, one crest and one trough, are formed in one 
cycle.  Not every cycle has the exact periodic length but they do seem to have the same 
pattern in each cycle and also in the whole series.  The longer the history of the series, the 
more cycles are apparent.   For the L&B, DLS and ASD series, with the longer histories, four 
cycles can be identified.  For these three series, there are four crests in the years 1974, 1982, 
1991 and 1997 and three troughs in the years 1976, 1983 and 1992.  Two incomplete cycles 
are present in the first and the nearest cycle.  The series’ trends, especially the turning points, 
seem to have resulted from changes in the market conditions and economy of HK, with the 
effects of an Oil Crisis (end of 1973), world recession (1982), Gulf War (1991) and Asian 
Economic Turmoil (1997).  Longer upward trends than downward trends have resulted in the 
steady increase in the series’ levels. 
 
 
ECONOMIC INDICATORS 
 
Hoptroff et al (1991) argue that the best of the traditional approaches to forecasting cycles 
and their turning points is that of leading indicators.  A leading indicator y for a cyclical 
series x is defined as a variable whose own cyclical pattern is observed to precede that of x by 
a reasonably constant time interval (Akintoye et al, 1998).  The known movements of y, 
therefore, can therefore be used to predict the, as yet unknown, movements of x or at least 
provide an early alarm of likely changes. 
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The identification of suitable TPI leading indicators involves a mixture of theoretical 
considerations and empirical analysis.  At the theoretical level, Berk and Bikker (1995) 
suggest that, in selecting variables with predictive potential, it is important to take into 
account the economic plausibility of their leading character.  In terms of the TPI, Runeson 
(1988), for example, has suggested the use of rate of unemployment and changes in prices 
due to variations in market conditions.  McCaffer et al (1983) have also indicated the 
relevance of changes in market conditions.  Fellows (1991), on the other hand, has suggested 
the use of interest rates, while Akintoye et al (1998), in their attempt to analyse the macro-
economic leading indicators of construction contract price, discovered the type of macro-
economic leading indicator-relationship they posses. 
 
Since no previous research has been carried out to examine the relationships between the TPI 
and the economic indicators in HK, a list of leading indicators were compiled according to 
(1) literature review, (2) availability of data in HK and (3) relevancy of candidate indicators.  
A set of eight candidate leading indicators were initially selected following steps (1) and (2) 
above, comprising: 
 
• Best Lending Rate (BLR) 
• Building Cost Index (BCI) 
• Composite Consumer Price Index (CCPI) 
• Gross Domestic Product (GDP) 
• Gross Domestic Product – Construction (GDPC) 
• Implicit Gross Domestic Product Deflator (IGDPD) 
• Money Supply Definition 3 (M3) 
• Unemployment Rate (UR) 
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These eight leading indicators are commonly used in HK to depict the local economic 
conditions, and all economic indicators considered, except M3, have been adopted in similar 
previous research studies (cf: Akintoye et al, 1998).  Detailed descriptions of the eight 
candidate leading indicators are provided in Appendix A. 
 
To establish the relevancy (step 3) of the candidate indicators, a Pearson Correlation analysis 
between the TPI and each of the eight indicators was carried out.  Table 1 summarises the 
results of this analysis (Table 1).  This shows that BCI (+0.987), CCPI (+0.955), GDP 
(+0.934), GDPC (+0.916), IDGDP (+0.957) and M3 (+0.978) have strong positive 
correlations with the HK TPI, while the BLR (-0.341) and UR (-0.313) have negative 
correlations.  With the exception of UR, which is significant at the 0.05 level, the correlation 
between the TPI and indicators are all significant at the 0.01 level, providing empirical 
support for the choice of the eight indicators in this study. 
 
Table 1  Correlation between the TPI and economic indicators in HK 
 
 
RESEARCH METHOD 
 
In an attempt to accurately predict TPI directional changes, especially the turning points, a 
Multivariate Discriminant Analysis (MDA) was adopted (Klecka, 1980) due to its ability to 
(1) distinguish between two or more a priori defined groups of cases and (2) allocate any 
cases into the a priori groups which it most closely resembles.  MDA allows one to 
discriminate between the TPI movements (trend groups) on the basis of the selected 
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economic indicators, establish how well the TPI trend groups discriminate, and identify 
which economic indicators contain the most discriminating power.  By weighting (based on 
the discriminating power) and linearly combining the economic indicators, MDA also 
enables future TPI movements to be predicted from up-to-date indicator data (cf: Cacoullos, 
1973).  The operation of MDA and a list of glossaries is provided in Appendix B. 
 
TPI movements from one quarter to the next can be classified as either ‘upward’, ‘constant’ 
or ‘downward’.  A ‘upward movement is defined as one where the index value of a quarter is 
more than that of the preceding quarter and an ‘downward’ movement is one where the index 
value of a quarter is less than that of the preceding quarter.  A ‘constant’ movement, is where 
the index value of a quarter remains the same as that of the preceding quarter.  Thus, by 
comparing the index of one quarter with its previous quarter, the directional quarterly trend 
of the series can be identified and labelled.  The first aim of Discriminant Analysis is to 
correctly place each of the quarterly index values into one of the three a priori groups, i.e. 
‘upward’, ‘constant’, and ‘downward’, based on the values of the economic indicators.  Of 
course, the extent to which the economic indicators are correlated with the TPI determines 
the degree of success with which the Discriminant Model makes the correct placements. 
 
The L&B series, being the longest available, was used for this analysis.  Also, as mentioned 
earlier, the L&B series reflects the price trends of private projects, and was therefore 
considered to be more suitable for this analysis as the tender prices of private projects is 
expected to be relatively more sensitive to changing economic environments than those of the 
public sector.  In addition, the tender prices of public sector projects can also be affected by 
the standardised nature of the projects involved and the Government policies to boost 
economic conditions, especially in adverse economic conditions. 
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All eight economic indicators were used in the analysis.  Quarterly data for each series were 
collected from the Census Department and ASD of the Hong Kong Government.  Owing to 
the availability and formatting problems connected with earlier data for some of the 
indicators, the analysis was confined to the period commencing Q1/81 through to Q4/98 - a 
total of seventy-two quarters.  For the purpose of testing the Discriminant Model derived 
from this analysis, eight quarters (Q1/91 to Q4/92) were withheld from the initial analysis 
(cf: Hair et al, 1995).  As a result, a database of sixty-four quarters was analysed.  This 
embodied twelve ‘downward’, eight ‘constant’ and fortyfour ‘upward’ cases. 
 
To establish the relationship between changes in economic indicators and the TPI, the 
indicators were first converted according to the magnitude of change.  The magnitude of 
change is essentially the amount increased/decreased when compared with its preceding 
quarter.  The higher the value of the converted economic indicator data, the more severe is 
the change.   A negative figure denotes a decline while a positive one represents a rise.  The 
conversion of raw data to the magnitude of change is also useful when the derived 
Discriminant Model is used for predicting TPI movement, as some economic indicators, such 
as BCI and CCPI, are steadily increasing while the others, such as BLR and UR, may 
fluctuate severely.  In addition, a Discriminant Model derived from the raw economic data 
may have to be modified from time to time to reflect the actual changes.  
 
As pointed out by Akintoye (1991), indicators of economic activities can be categorised into 
three types: leading indicators, coincidental indicators and lagging indicators, all of which are 
distinguished by their cyclical timing.  Regarding the trade cycle, an economic time series is 
a ‘leading indicator’ if, historically, it reaches its cyclical peaks and troughs earlier than the 
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corresponding ones in a trade cycle.  A TPI leading indicator is a variable that, when lagged a 
suitable number of quarters, is correlated in terms of turning points and patterns of movement 
with the TPI trend (Akintoye, 1991).  There being no previous empirical or theoretical studies 
of HK TPI indicators, a series of trials was conducted to decide on a suitable lag period for 
each of the eight indicators used.  This involved examining different combinations of lag 
periods ranging between 1 and 3 quarters for different indicators and their effect on the 
MDA’s hold-out sample predictions (described later).  The results are summarised in Table 2. 
 
 
Table 2  Predictive ability of different lagging quarters 
 
The best trial correctly predicted seven of the eight holdout samples.  This occurred with a 
lag period of three for GDPC and a lag period of two for the remainder.  The detailed analysis 
described below was therefore conducted on this set of lagging combinations. 
 
 
DISCRIMINANT MODEL FOR TENDER PRICE MOVEMENT 
 
The Discriminant Analysis produced two Functions.  As shown in Table 3, both Function 1 
(significance = 0.062) and Function 2 (significance = 0.087) were statistically significant (at 
the 10% level of significance).  Function 1 contained 51.4% of the variance, which is slightly 
higher than that of Function 2 (48.6%). 
 
 
Table 3  Significance of the two functions 
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The standardised discriminant function coefficient represents the relative contribution of the 
corresponding discriminating variables to the Function.  The results in Table 4 show that, for 
Function 1, BCI (-0.909) contributes most to the discriminating power (cf: Akintoye et al, 
1998).  UR (-0.510) is the next in the rank order (cf: Runeson, 1988).  These are followed by 
CCPI (+0.447) and GDPC (-0.247).  For Function 2, M3 (+0.543), UR (-0.491), BLR 
(+0.470) (cf: Fellow, 1998) and CCPI (+0.462) contribute significantly to the discriminating 
power. 
 
 
Table 4   Standardised canonical discriminant function coefficients 
 
A group centroid is the mean value of the discriminant scores for a particular group, i.e. 
group mean. The group centroids for the two Functions are shown in Table 5.  In Function 1, 
the group centroids of the ‘upward’ (+0.300) and ‘downward’ (-0.971) groups are at the 
opposite ends of the continuum.  This indicates that Function 1 can clearly distinguish 
between the ‘upward’ and ‘downward’ groups.  The centroid of ‘constant’ group (-0.192) in 
Function 1 is between the ‘upward’ and ‘downward’ groups, which can help to distinguish 
the ‘constant’ group from the other two categories.  Function 2 seems to be more biased in 
distinguishing the ‘constant’ group from the others.  As observed in Table 4, the centroids of 
the ‘upward’ (-0.140) and ‘downward’ (-0.324) groups are very close, and is opposite in 
polarity to the ‘constant’ group (+1.255).  Function 1 was therefore used to develop the 
Discriminant Model as Function 1 could adequately distinguish between the three groups. 
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Table 5   Functions at group centroids 
 
 
PREDICTIVE MODEL FOR TENDER PRICE PREDICTION 
 
The impact of economic indicators (discriminating variables) can be used to develop a model 
for predicting the tender price movements.  This is derived by linearly combining two or 
more weighted discriminating variable(s) as shown in Eqn. (1) below: 
 
Z = w1x1 + w2x2 + w3x3 + … + wnxn + c       ..…………....  (1) 
 
Where   Z = discriminant score 
wn = discriminant weight for variable ‘n’ 
xn = independent variable ‘n’ 
c = constant 
 
While the standardised canonical coefficients represent the relative importance of the 
variables, the unstandardised canonical coefficients show the absolute contribution of a 
variable in determining the discriminant score. The discriminant weights (w) are, therefore, 
obtained from the unstandardised canonical coefficients of Function 1 (Table 6), while the 
independent variables are the values of the economic indicators for the relevant quarter. 
 
 
Table 6   Unstandardised canonical discriminant function coefficients 
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The predictive model based on the Function 1 is as shown in Eqn. (2): 
 
Z = 0.264xBCI - 0.007xBLR + 0.528xCCPI - 0.012xGDP - 0.024xGDPC +0.025xIGDPD  
- 0.080xM3 - 0.034xUR - 1.079      ……….……..  (2) 
 
Where   Z = discriminant score for a particular quarter 
xBCI = value of independent variable ‘BCI’ 
constant = -1.079 
 
Discriminant scores for the forthcoming quarters can be computed using Eqn. (2).  The 
discriminant score represents the location of a particular quarter along Function 1.  When 
compared with the group centroids for Function 1, the decision-maker can determine which 
group the analysed quarter belongs to and hence predict the likely TPI movement of that 
quarter. 
 
 
VALIDATION OF THE PREDICTIVE MODEL 
 
Despite the  high discriminating power produced by the Functions it is not possible to be sure 
at this stage whether the Discriminant Model derived will be sufficiently accurate to be used 
for prediction in practice, where predictions are needed outside the database from which the 
Model was built.  What is needed therefore is some measure of the predictive accuracy of the 
Model.  To do this, the group centroids and ‘hit rate’ were examined. 
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The ‘hit rate’ is the percentage of statistical cases correctly classified by the Model and can 
be used as a means of Model validation (Huberty, 1994). In this analysis, a three-group 
Discriminant Analysis has three centroids, and they were used to compute the cut-off values 
for the classification purpose.  According to Klecka (1980), for the one-Function case, the 
cut-off point between two groups is one half the sum of the two group centroids.  An 
unknown case could be classified to a particular group of it is within the cut-off values of that 
group. 
 
The Discriminant Model was tested by the eight simulated ex post holdout cases (time 
series). Q1/91 to Q4/92 was selected for validation as the period covered all the three groups, 
i.e. ‘upward’, ‘constant’ and ‘downward’.  The values of the economic indicators for each 
quarter were substituted into the Discriminant Model (Eqn. 2), and the Z-scores for each 
quarter were generated.  The discriminant score for each testing case was compared with the 
centroids of three trend categories.  The predicted trend is based on the cut-off values (see 
Table 7) of any of the three trend categories, i.e. ‘upward’, ‘constant’ and ‘downward’.  The 
predicted trend for each testing quarter was then compared with the actual trend to determine 
the accuracy of the prediction.   
 
Table 7 summarises the results of the classification and validation process.  These show that 
seven out of the eight were correctly predicted.  The only quarter to be wrongly predicted 
was Q2/91.  The actual trend between Q1/91 and Q3/91 was firstly upward, then downward 
and then constant.  This especially erratic pattern of change during the period could be the 
reason for the mis-prediction.  
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Table 7  Validation results of holdout sample 
 
The results of the classification are summarised in Table 8.  The proportion of cases correctly 
classified into each group (hit rate) indicates the accuracy of the Model.  As is shown, all the 
quarters with ‘upward’ and ‘constant’ trends were correctly predicted, i.e. 100% accuracy.  A 
high hit rate (75%) was also obtained for the quarters with a ‘downward’ trend, which are 
essentially more difficult to predict than upward trends.  The overall accuracy of the derived 
discriminant model was 87.5%.  
 
Table 8   Classification matrices of validation sample 
 
Most importantly however accurate predictions of turning points are needed.  The holdout 
sample contains two turning points between Q1/91 to Q4/92 – a downward trend from Q3/91 
to Q4/91, and an upward trend from Q3/92 to Q4/92.  As Table 8 shows, the turning points 
were correctly predicted by the Model. 
 
The robustness of the derived Discriminant Model was further examined by re-classifying all 
72 cases involved in this analysis, i.e. from Q1/81 to Q4/98.  As shown in Table 9, the hit 
rates for the ‘downward’, ‘constant’ and ‘upward’ trends were 56.3%, 55.6% and 61.7% 
respectively.  These are much better than prediction made by pure random assignment, 
i.e.33.3%. The overall hit rate for the 72 cases was 59.7%. 
 
 
Table 9  Classification matrices of all sample 
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CONCLUSIONS 
 
Tender price index forecasts are notoriously inaccurate, often resulting in large errors.  To 
improve the accuracy of HK TPI forecasts, the relationship between the TPI trends and eight 
economic indicators were modelled by means of MDA.  Two Functions were derived and the 
results for Function 1 show that the ‘upward’, ‘constant’ and ‘downward’ trends could be 
distinguished with a high degree of success. 
 
The predictive power of the Discriminant Model was also was tested by means of a holdout 
sample of eight TPI values.  By comparing the group centroids, seven of the cases were 
correctly classified.  The hit rate of the ‘upward’ and ‘constant’ groups was 100%, while the 
‘downward’ group had a hit rate of 75% suggesting the ‘downward’ trend to be more difficult 
movement to predict.  Despite this, the overall predictive results are considerably better than 
those that would have occurred by chance alone. 
 
The high percentage of 87.5% of the overall hit rate of TPI trend group classification 
indicates a high level of predictive accuracy of the Functions and thus the Discriminant 
Analysis Model.  The achievement of a high level of predictive accuracy means that the 
Functions derived should be able to be applied with some confidence to predict the changes 
in TPI in advance.  The results encourage the view that the Discriminant Analysis approach 
may be used to assist estimators in predicting the direction of TPI trends with a high level of 
accuracy. 
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Appendix A: Description of the eight leading indicators 
 
 
Best Lending Rate (BLR) also called prime rate refers to the Hong Kong and Shanghai 
Banking Corp. Ltd. and Chartered Bank’s quoted best lending rate for general guidance of 
other banks, the interest rates paid to depositors are supplied by the Hang Seng Bank 
Limited; number and value of bank cheques cleared by the Hong Kong Banker’s Clearing 
House. 
 
Building Cost Index  (BCI) is a quarterly weighted construction cost index which measures 
the building contractor’s costs.  It is composed of various factors such as labour wages, 
material prices, plant costs, rates, rents, overheads and taxes.  It is also called a factor cost 
index.  These factors often have indices themselves which are used to compile a BCI (Tysoe, 
1981).  These include changes in productivity, profit, and trade margins of the construction 
contractor, and changes in actual market conditions.  Ashworth (1988) suggests that there is 
some relationship between the TPI and BCI. 
 
Composite Consumer Price Index (CCPI) measures the change over time in the total cost of a 
given basket of goods and services.  The index provides a measure to reflect changes in the 
price level of consumer goods and services purchased by households and its year-on-year rate 
of change is widely used as an indicator of inflation affecting consumers.  A CCPI is 
compiled based on the expenditure patterns of all households taken together to reflect the 
impact of consumer price changes on the household sector as a whole. 
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Gross Domestic Product (GDP) is a measure of the total value of production of all resident 
producing units of a country or territory in a specified period, before deducting allowance for 
consumption of fixed capital.  
 
Gross Domestic Product – Construction (GDPC) is a measure of the gross value of 
investment on building and construction.  It covers the gross value (i.e. without deducting 
allowance for consumption of fixed capital) of investment on buildings and construction as 
well as plant, machinery and equipment; real estate developers' margin; and transfer costs of 
land and buildings.   
 
Implicit Gross Domestic Product Deflator (IGDPD) is one of the measures of inflation.  It is 
a price index obtained by dividing the current price expenditure-based estimates of GDP by 
the corresponding constant price values (i.e. dividing by corresponding estimates at base year 
prices).   
 
Money Supply Definition 3 (M3) is the wider measures of money within an economy measure 
in million Hong Kong dollars (Begg et al, 1984).  There are three measure of money being 
compiled in Hong Kong: M1, M2 and M3.  M1 refers to the sum of legal tender notes and 
coins held by the public plus customers’ demand deposits placed with licensed banks.  M2 
refers to the sum of M1 plus customers’ savings and time deposits with licensed banks, plus 
negotiable certificates of deposits (NCD) issued by licensed banks held by non-authorised 
institutions.  M3 refers to the sum of M2 plus customer deposits with restricted licence banks 
(RLB) and deposit-taking companies (DTC) plus NCD issued by RLB and DTC held by non-
authorised institutions. 
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Unemployment Rate (UR) refers to the proportion of unemployed persons in the labour force.  
UR adjusted for seasonal variations in the proportion of first-time job seekers in the labour 
force are given for making comparisons over time. 
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Appendix B: Discriminant Analysis and its Key Terms 
 
Discriminant Analysis  
 
A discriminant analysis is a statistical technique that is used to identify the overall 
differences and similarities between the different disciplinary group responses.  The salient 
group differences are established via the identification of a set of characteristics 
(discriminating variables) which are weighted and linearly combined in such a way as to 
force the groups to be as statistically distinct as possible.  For the purpose of classification, 
one or more mathematical equations are derived from the analysis.  These equations are 
called discriminant functions and they serve to combine the group characteristics to enable a 
preduction to be made of the group to which the subject belongs.  This prediction can then be 
compared with the subject’s actual group to give a measure of the accuracy of the prediction 
and, hence, the discriminating ability reliability of each group characteristic.   
 
Key Terms 
 
Cut-off value:   Value against which each individual’s discriminant score is judged to 
determine into which group the individual should be classified. When the analysis involves 
two groups, the hit ratio is determined by computing a single cut-off point.  Entities whose Z 
scores are below this score are assigned to one group, while those scores are above it are 
classified in the other group.  
 
Discriminant function:   Linear equation in the following form:  
Z = w1x1 + w2x2 + w3x3 + … + wnxn + c  
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Where   Z = discriminant score 
wn = discriminant weight for variable ‘n’ 
xn = independent variable ‘n’ 
c = constant 
 
Discriminant score:   Referred to as the Z score, defined by the discriminant function.  
 
Group centroid:   The group centroid means the mean value of the discriminant score for a 
particular group.  It is essentially the group mean. 
 
Hit rate:   Percentage of statistical units (individuals, respondents, objects, etc.) correctly 
classified by the discriminant function. 
 
Holdout sample:   Group of subjects held out of the total sample when the function is 
computed.  This group is then used to validate the discriminant function on another sample of 
respondents.  Also called validation sample. 
 
Magnitude of change:   The magnitude of change is the amount increased/decreased when 
compared with its antecedent.  The higher the value of the converted data, the more severe is 
the change.  A negative figure denotes a decline while a positive one represents an increase. 
 
Standardised canonical coefficient:   Standardised coefficients are used when the variables 
are standardised to a mean of 0 and standard deviation of 1.  It represents the relative 
importance of the variable. 
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Unstandardised canonical coefficient:   The unstandardised coefficients are the multipliers of 
the variables when they are expressed in the original units.  It shows the absolute contribution 
of a variable in determining the discriminant score. 
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  BCI BLR CCPI GDP GDPC IDGDP M3 UR 
TPI Correlation .987** -.341** .955** .934** .916** .957** .978** -.313* 
 Sig. (2-tailed) .000 .003 .000 .000 .000 .000 .000 .015 
**  Correlation is significant at the 0.01 level (2-tailed) 
*    Correlation is significant at the 0.05 level (2-tailed) 
 
 
Table 1:  Correlation between the TPI and economic indicators in HK  
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Ref Number of quarters being lagged Number of cases 
correctly 
predicted 
 BCI BLR CCPI GDP GDPC IDGD
P 
M3 UR 
7 A 2 2 2 2 3 2 2 2 
6 B 2 2 2 2 2 2 2 2 
 C 2 2 2 2 2 2 1 2 
 D 2 3 3 2 3 2 3 3 
 E 3 3 3 2 2 2 3 3 
 F 1 1 3 1 3 3 1 1 
 G 1 1 3 3 3 3 1 1 
 H 1 3 3 1 3 3 1 1 
 I 1 3 3 3 3 3 1 1 
 
Table 2:  Predictive ability of different lagging quarters 
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Function % of Variance Chi-square df Sig. 
1 51.4 25.497 16 0.062 
2 48.6 12.426 7 0.087 
 
 
Table 3:  Significance of the two Functions 
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Economic Indicators Function 
 1 2 
Building Cost Index 0.909 -0.355 
Best Lending Rate -0.089 0.470 
Composite Consumer Price Index 0.447 0.4626 
Gross Domestic Product -0.067 -0.278 
GDP - Construction -0.247 -0.127 
Implicit GDP Deflator 0.066 -0.026 
Money Supply Definition 3 -0.204 0.543 
Unemployment Rate -0.510 -0.491 
 
 
Table 4:  Standardised canonical discriminant function coefficients 
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Tender Price Index (Trend) Function 
 1 2 
Downward -0.971 -0.324 
Constant -0.192 1.255 
Upward 0.300 -0.140 
 
 
Table 5:  Functions at Group Centroids 
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Economic Indicators Function 
  1 2 
Building Cost Index 0.264 -0.103 
Best Lending Rate -0.007 0.038 
Composite Consumer Price Index 0.528 0.547 
Gross Domestic Product -0.012 -0.050 
GDP - Construction -0.024 -0.012 
Implicit GDP Deflator 0.025 -0.010 
Money Supply Definition 3 -0.080 0.213 
Unemployment Rate -0.034 -0.033 
(Constant) -1.079 -1.778 
 
 
Table 6:  Unstandardised canonical discriminant function coefficients  
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Period Economic Indicators 
 BCI GPD IDGPD GDPC CCPI BLR UR M3 
Score Actual 
Trend 
Predicted 
Trend 
1 Q 91 3.74 9.85 0.90 -6.08 2.28 -2.37 6.25 6.15 0.22 Upward Upward 
2 Q 91 2.41 0.95 1.59 9.88 2.85 -5.78 -17.65 5.20 1.08 Downward Upward 
3 Q 91 2.01 -8.70 1.56 4.57 2.92 -4.55 28.57 3.26 -0.17 Constant Constant 
4 Q 91 -2.63 3.36 4.52 -2.12 3.32 2.49 33.33 0.85 -1.12 Downward Downward
1 Q 92 -3.21 10.12 1.93 -10.42 1.62 -4.75 -12.50 2.05 -0.60 Downward Downward
2 Q 92 -10.10 1.73 1.62 7.48 2.02 -7.86 -14.29 4.30 -2.65 Downward Downward
3 Q 92 3.11 -8.41 3.11 3.77 2.65 -2.07 33.33 2.59 -0.10 Constant Constant 
4 Q 92 3.20 3.68 3.19 0.84 2.70 -8.59 -4.17 2.74 1.19 Upward Upward 
 
 
Table 7:  Validation results of holdout samples  
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  Predicted Group Membership Total 
  
Tender Price Index  
(Trend) Downward Constant Upward  
Original Count Downward 3 0 1 4 
  Constant 0 2 0 2 
  Upward 0 0 2 2 
 % Downward 75.0 0 25.0 100.0 
  Constant 100.0 100.0 0.0 100.0 
  Upward 0.0 0.0 100.0 100.0 
 
87.5% of original grouped cases correctly classified 
 
 
Table 8:  Classification matrices of validation sample 
 
 
